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Abstract— Pulse Power Modulator is a circuit used to 

generate high power pulses. It uses various topologies to 

generate high power pulses. Marx Modulator is one such 

circuit that uses series/parallel topology for its design. Marx 

modulator charges the charging element in parallel and 

discharges these in series with the use of solid state switches. 

These switches manage the circuit to make all the charging 

elements to come in series to add up the voltage to a high 

value. 
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I. INTRODUCTION 

Pulse modulators are used to produce high-voltage, high-

power pulses with durations of several hundred microseconds 

up to some milliseconds.The high voltage pulses from the 

modulator are converted by RF system into pulsed radio 

frequency pulses. The RF pulses are then fed to the 

accelerating structure cavities to setup an electric field in 

particle accelerators. The RF system mainly has microwave 

source as its main component. There are a variety of tubes for 

generating and amplifying microwave signals. The two most 

common ones used in linear accelerators (linacs) are 

magnetrons and klystrons. Klystrons belong to linear beam 

tube type. In most linear accelerator (LINAC) applications, 

generally klystron is used as an amplifier. 

Marx modulator is one such modulator used in 

Klystrons or Magnetrons. Klystron is used to amplify the RF 

signal. In a klystron, an electron beam interacts with radio 

waves along the length of a tube. The electron beam first 

passes through a cavity to which the input signal is applied. 

The energy of the electron beam is transferred and the signals 

amplified. This amplified signal is taken from a cavity at the 

other end of the tube. Marx modulator uses the parallel series 

principle of charging and discharging to charge/discharge the 

capacitors. 

Various types of switching are used in these 

modulators. Multiple switch modules can be combined in 

series and parallel to meet a wide range of power switching 

requirements in these modulators. Solid state switching can 

be used in a wide range of high power microwave systems. 

These switches have been used as replacements for vacuum 

switch tubes and incorporated into fully solid state 

modulators and power supplies for high power RF tube 

testing. Modulator works as a switch between a high voltage 

power supply and its load, like klystron. 

A. Marx Modulators 

Marx Modulators can generate high voltage pulses without 

any step-up transformer or pulse forming network. It has 

many advantages of fast rising time, pulse width variation, 

high repetition rate and rectangular pulse shapes. Proposed 

scheme consist of multiple power stages that are charged in 

parallel and discharged in series. This is a basic idea practiced 

using resistor charging networks and spark-gaps for discharge 

since long. 

 
Fig. 1: Conventional Marx topology 

Capacitors are charged through a common voltage 

source in parallel and discharged in series by way of switches. 

Marx modulator here we are talking about uses IGBT as 

switch, whereas the high voltage Marx generators use spark 

gaps. These spark gaps flash over to give high voltage at  the 

output, whereas the switches close as per the time setting to 

give the desired output .Capacitors are charged in parallel 

through isolating impedances. After they are charged, the 

switches close and the capacitors discharge in series through 

the load. The output voltage is equal to the input voltage times 

the number of cells. The cell is charged through diodes and 

an IGBT and the discharge is through a second IGBT. The 

basic topology of the Marx modulator is same as that of the 

Marx generator, but with the drawback that modulator cannot 

generate that much level of high voltage till now as those 

generated by Marx generator.  

The pulse obtained in Marx generators is impulse 

voltage pulse whereas the pulse obtained in Marx Modulator 

is a rectangular flattop pulse. We can control the parameters 

of the pulse in modulators, these parameters include pulse 

width, pulse repetition, pulse amplitude, pulse flatness. 

The Marx topology also enables features which are 

not common to hard switch modulators. Primary among these 

is the ability to control each module independently –and thus 

program the ultimate pulse voltage by choosing the number 

of modules triggered. The number and timing of subsequent 

module firings can be tuned to counter the reactive ringing, 

and hold a flattop pulse to the desired voltage and accuracy. 

The reduction of capacitor size afforded by this flexibility 

further reduces parasitic capacitance, and thus reduces 

equipment size and cost while increasing power efficiency 

B. IGBT Switch 

The use of insulated gate bipolar transistors (IGBT) in place 

of spark gaps, for example, gives simple Marx generators the 

ability to produce square-shaped output pulses at very high 

rates. The on/off switching capability of the IGBT also allows 

the output pulse to change width from one pulse to the next, 

enabling the generator to adapt rapidly to changing load 

requirements. Currently, Marx generators using solid-state 

switches unable to equal the high peak voltage and peak 

power capacity of generators using spark gaps, but the 
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operational advantages of pulse control and high average 

power have converted the single-shot Marx generator into a 

versatile modulator. 

C. Output Voltage in Marx Modulator 

The output obtained at the load is equal to the input voltage 

times the number of stages/number of cells. If there are ‘n’ 

stages and input voltage is V, then output voltage is given as 

Vo=-nV                      (1) 

Various pulse parameters mentioned above can be 

controlled by changing the IGBT parameters. The time of 

charging, time of discharging i.e. pulse width depends upon 

the time constant of the circuit, which is governed by the 

value of the capacitance as well as the load resistance. 

T=RC                     (2) 

Marx topology is repetitive in nature, a single block 

is repeated ‘n’ times to form the multiple stages. All the stages 

are identical, if there is fault in any stage that stage can be 

bypassed and the output is obtained through rest of the stages. 

II. DROOP COMPENSATION WITH CORRECTOR MODULES 

There is some voltage droop in the output due to the energy 

of the pulse delivered and the energy stored in the capacitor. 

If the energy supplied to the load is equal to the energy stored 

in the capacitor, then the voltage droops, and the pulse does 

not have exact rectangular shape. The energy supplied to the 

load depends upon the duration of the output pulse. There are 

various ways to compensate for this voltage droop like 

increasing the size of the capacitor or with some external 

auxiliary circuit. 

The capacitance can be increased to compensate for 

this droop but the practical value of capacitor cannot be 

increased beyond a certain limit due to its increased cost and 

size. To compensate for the droop various other techniques 

are used like corrector modules, bouncer circuits etc. We will 

discuss the corrector modules technique for droop 

compensation.  

A. Corrector Modules for droop compensation 

Corrector module technique consist of using additional 

capacitors to correct the voltage droop. These capacitances 

are added in series with the equivalent capacitance of the 

whole Marx modulator. The number of corrector cells or 

modules required depends upon the percentage of the droop 

that is permissible. 

Pulse energy to the klystron load is predominantly 

provided by the main cell, as the name implies. Only a small 

portion of it is delivered by the correction cell. The correction 

cell is operated at a significantly lower cell voltage than the 

main cell. It outputs a corrective voltage to compensate for 

the capacitor voltage droop on the main cell during its 

discharge, maintaining the combined output voltage of both 

cells within the specified flatness tolerance. 

 
Fig. 2: Pulse without corrector modules 

As seen in Fig.3.waveform the corrector cell 

capacitances are one by one added in series with the main 

Marx modulator equivalent capacitance whenever the voltage 

value becomes less than the desired. The timing of addition 

of these corrector capacitances is calculated by taking the 

values of the input voltage, output voltage, resistance of the 

load, equivalent capacitance of the circuit at each step. The 

equation governing these calculations is given as 

V=𝑉𝑜𝑒−𝑡/ŧ 

Where V=output voltage,  𝑉𝑜=initial voltage, t=pulse 

width, ŧ=time constant=R𝐶𝑒𝑞𝑢𝑖 

 
Fig. 3: Pulse with corrector modules 

The main capacitors are dimensioned to deliver most 

of that energy. The correction capacitors, however, are sized 

to deliver only the energy needed to correct for the voltage 

droop on the main capacitor in their respective Marx cell. In 

this way the size of the main capacitors can be kept within 

affordable limits 
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